The modelling of three-dimensional structure of materials and the computer processing of micro-structure are applied, where the structure of materials is investigated by microscope. It is a relatively new interdisciplinary scientific field, the significance of which has gradually been increasing since the beginning of 1980's and today it has become one of the key field of researches of material structure. The present paper gives a short review about the theory of stereology, which is well founded mathematically. The relatively new fractal models are described from the microstructural models having a great significance from the point of view of materials science. The image transformations, the development of binary images and the binary procedures are illustrated by showing the practical tasks of materials science. The microstructure of metal matrix composites reinforced by carbon fibres, the possibilities of characterising the dendritic structure developing during the solidification of transparent materials, the characterisations of ceramic grains in the Albase composite are shown.
Introduction
One of the most important purposes of experts dealing with the materials science is to know and to use the relationships between the three-dimensional structure and physical properties of materials. Namely by using such relationships the material, which is suitable for the given purpose, can be chosen and made. This method should be used when modelling the material-properties, moreover during the computer-aided planning, manufacturing and in the field of material qualification. The task of stereology ('stereometric microscopy') is the geometric description of material structure observable by means of microscope and its three-dimensional interpretation. It is an auxiliary tool, which interprets the relationships between the parameters to be investigated and the calculated quantities in an exact form. The mathematical morphology deals with the theoretical basis of stereology. At the same time the stereology deals with the practical applications: its users apply successfully the elements of differential geometry for characterising the structures of materials science.
The stereological problems can be interpreted in different ways. One of the possibilities is the statistical-geometrical method, which means a great number of two-dimensional measurements and the data processing. It can be used if the geometrical shapes of phases forming the material are of random distribution in space. In this case, a section or a projected image is enough provided that the number of objects containing by the section is enough statistically. In case the objects have similar shapes and they arrange in a regular way in the space a lot of sections having different directions or projected images are necessary. The intersection planes should be located in the space randomly or systematic parallel planes (so called serial sections) are necessary depending on the orientation of shapes. In case the objects have a complicated shape a serial-section is used for their reconstruction. A similar technology is used in case if we have only one or some three-dimensional configurations.
The basic relationships of stereology
The basic question of the stereology is, that if the three-dimensional quantities are investigated in a two-dimension section, what kind of exact relationships exist between the number of points characterising the phase to be investigated (P), the length of characteristic lines (L), the surfaces (S) and the volume of objects (V). The most frequently used measured and calculated quantities are compared in Table 1 .
In this Table the  numerators of relationships  contain  the  different  quantities of geometric  configuration to be investigated (the number of their characteristic points: P, the length of line: L, the area: A, the volume: V) and the denominators of relationships contain the data of investigated sample. So, for example S V = S/V, where S means the surface of shapes while V means the volume of investigated sample, and the name of this quantity is the specific surface. Similarly to it the P P quantity (point relation) can be derived as P P = P /P, where the P in the numerator means the number of points being in the microstructure shape, while the P in the denominator represents the total number of points of the investigated sample. In the Table the most important relationships are indicated by arrows, the exact mathematical proof of which is beyond the scope of this paper [1] . The relationship between the quantities shown in the first column and in the second, third and fourth columns can be expressed by the following equations:
].
(4) The fact that these relationships do not contain any supposition or approximation concerning the size, shape and distance of shapes has a great significance from the point of view of the practical application. The only one condition is that the measurements should be random and should represent the whole sample statistically.
Microstructure models
The geometrical configurations of microstructure of materials can be very different what their arrangement is concerned. Their structure can change from the completely arranged structure to the almost isotropic structure. The structures characterising the fractals represent the low level of order though they are not completely isotropic. Their typical property is the self-similarity, it means, that their certain characteristics are independent of the magnification. Though the fractal is a relatively new name [2] the basic idea of fractal-geometry is not new, it was developed at the beginning of the last century. Mandelbrot first used this mathematical theory in the practice; he used this theory for solving of geographic, metallographic and fluid mechanical problems. He distinguished two groups of fractals: the regular (or geometrical) and random fractals. The geometrical fractals can be developed by means of a determined rule of increase. The logarithm of any of the properties (e.g. perimeter) of the geometrical shape developed such a way is linear as a function of the logarithm of Table 1 . Relationship of measured ( ) and calculated { } geometrical quantities [1] .
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Materials Science, Testing and Informatics I the number of steps. The random fractals are such systems, that have non-regular geometrical configurations, but if one forms the statistical average of their properties a linear self similarity is obtained. The dimension (D) of plane curve and the surface fractal can be determined by the following relationship:
(5) Where: L 0 , S 0 the length and surface of fractal, in x = 0 recursion step, L x , S x the length and surface of fractal,
x , E x the length of segment.
In case of a straight line, the fractal-dimension is one (D = 1), when D A 2, the curve becomes more complicated. In an analogue way the fractal-dimension of surfaces changes between 2 and 3.
In the course of practical investigations the x, Ex can be changed by magnification while Lx, Sx can be related to different geometrical data (perimeter, surface, volume). The Sierpinsky-triangle is also suitable for characterising the transformations ( Fig. 1 ), which can be developed such a way that the sides of the equilateral triangles are divided into two equal parts (n=1/2) and by using the obtained sections another triangle (N=3) can be drawn into the previous triangle (D=log 3/log 2 1.59). The development of martensite crystals in several steps ( Fig. 2) can well be modelled by modifying the Sierpinskytriangle. The parameter describing the fractal property is the length of boundary of remaining austenite-martensite as a function of the diameter of transforming austenite grain.
In the field of material science it is necessary to analyse a great number of "lines", such as the dislocations, the "roughness" of which is caused by the interaction with the point-like lattice faults and with each other. The investigations are especially interesting in case of materials exposed to high concentration neutron radiation and hardened alloys [3] . The large-angle grain boundaries of metals change from the coherent (coincidence-, twin-) boundaries to the incoherent boundaries. In the completely recrystallized material the grain boundaries are almost planes, they have a minimum bend and their fractal-dimension approximates two. The stereological relationship concerning such a grain boundary density is valid in the following form (provided that the grains are equiaxial ones) [3] : 
where: A boundary density of grain boundary, mm 2 /mm 3 , V volume of grains, mm 3 . boundary surface of grain boundary, mm 2 d spacing of boundaries, mm.
The upper limit of density of grain boundary can be derived from the fact, that the grain cannot be smaller than the boundary having a thickness of two dislocations. So, the crystalline structure transforms into amorphous phase, as d approach 2b (b -absolute value of Burgers-vector). A similar result is obtained if the roughness of boundary is increased even in case if the average grain diameter is unchanged. In case of rough grain boundaries the real density of grain boundary can be obtained by the following expression: 
L0 is the function of average grain diameter (L 0 = d /2), while L is the given segmentlength (b < L 0 < d), i.e. the boundary-length measured at the given magnification. In this case the grain boundary can be considered fractal character. The metallographic investigation of precipitation along the fractal-like grain boundaries can result in further interesting observations.
Digital image processing
In the course of processing the microscope image of sections characterising the structure of materials first the images were transformed so that it would be possible to separate the essential and non-essential information. During such a transformation the "noise" appearing in the electron microscope images can be filtered out or by this method the "disturbances" developing during taking the images or making the microsections can be separated from the details showing the material structure. The following step is the image analysis i.e. the characterisation of images by numeric data. We can say, that in this case the quantitative interpretation of information content of image is made. By putting back the obtained parameters into the given surroundings and by using the stereological methods the interpretation should be made, it is called image analysis. It means that we can speak about a complicated process, which consists of the following main steps [4] : i) Image acquisition. Taking the images in electronic form by a suitable instrument, which can be a video camera mounted on a light microscope, or electron microscope. ii) Digitising the grey image. Adaptation of the different grey level to each of the intensity values of image colours. iii) Digital processing of grey images. Emphasising the features or objects to be investigated, i.e. separating the essential and less essential information. iv) Segmentation (detection). The complete separation of objects and background on the basis of one of their properties (e.g. their grey level, shape or orientation) as a result of which a binary image develops. Fig. 3 . Different types of grain boundaries a) non-fractal, b) fractal [3] . Fig. 4 . Cross section of Al/C composite [5] .
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Materials Science, Testing and Informatics I v) Transformation of binary images. Performing of binary transformations, i.e. the transformation of objects such a way, that they can approximate their ideal shape in the most optimal way (e.g. separation of grains which seem to be coalesced in the image but they are separated in the reality), preparation of measurement. vi) Measurement, obtaining the measurement results. vii) Interpretation of measurement results. In the materials science the results are interpreted on the basis of different microstructure models by using the stereological knowledge.
A practical example is described in order to represent the aforementioned processes. Namely the investigation of composite having Al-matrix reinforced by carbon fibres made by means of pressure infiltration is described here. [5] . The carbon fibres of different quality used for the experiments was made by the ZOLTEK Rt., a part of the fibres were surface treated and coated by poliester or epoxy resin. Al-melt was infiltrated among the carbon fibres by using the fibres by means of the process developed on the Physical Metallurgy Department of University of Miskolc [6] . Fig. 5 shows the photo of composite obtained by light microscopy. The surroundings of the carbon fibres to be investigated can be sharpened more by a complex morphological transformation, by the socalled "White-Sharpen" operation [4] . This operation was followed by the preparation of detected image. As in the detected image there were such fibres that were not separated from each other, they could be separated by finding the centres of fibres ('ultimate erosion') then by increasing the size of fibres to the original size. It was followed by the decrease to a width of one image point of the area-parts between the carbon fibres or otherwise the dilatation of fibres with the condition that they must not touch each other. By making this operation up to the maximum iteration number and removing the side arms of skeleton structure ('inverse pruning') an inverse skeleton was developed according to the action radius by means of SKIZ ('inverse skeleton by influence zone') method. So a range occupied from the basis material could be adapted to each carbon fibre. By determining the size and scattering of "action radius" adaptable to the carbon fibres we could verify that the most uniform fibre distribution which is the base of making a composite having optimum mechanical properties can be ensured by using carbon fibres coated with epoxy resin. By determining the volume ratio of fibres it could be proven that the use of surface treated carbon fibres results in composites having much favourable properties. [6] .
Applications
During modelling the solidification processes the 'in situ' investigation methods have greater and greater importance. It is the most advisable method to use such a material, which is transparent. In this case the process can directly be observed by means of traditional instruments -by a camera or a microscope. The effect of gravitation field on the melt flow developing during solidification can be Fig. 5 . Skeleton by influence zones [5] . Fig. 6 . Increasing SCN-dendrites [7] .
Materials Science Forum Vols. 414-415 studied very simply by such experiments. If the movement direction of solid-melt boundary is changed relative to the gravitation vector, it can be studied if the density-difference developing in the melt during solidification induces the melt flow or if the process is controlled "clearly" by the diffusion. All over the world a succino-nitrile (SCN)-acetone-base sample material has been used for the experiments as model material, which is very favourable, because it is transparent both in liquid and solid conditions and its melting point is very low. In the experiment described in this paper a video camera is also mounted by which the complete process of solidification can be recorded on videotape for the later processing [7] . Comparing investigations were made so that the sample material was crystallized in three different ways; the equipment used for this purpose was developed by Réger [8] . The solidmelt front moved i) horizontally, ii)from up to down, iii) from down to up. The effect of probable melt-flow on the characteristics of developing dendritic structure ( Fig. 7) was studied by using the method of digital image processing. The distance of primary dendrite arms ( 1), the radius of dendrite peak (r) and the distance of secondary dendrite arms ( 2) were determined by the computer image analysing process developed on the Physical Metallurgy Department of University of Miskolc and by an additional software in a reproducible way. It was proven that in case of solidification made in different directions the dendritic structures are different. In the course of measuring the distance of primary dendrite arms the longest distance was experienced in horizontal direction ( 1 = 32 µm) and the shortest distance was observed in vertical direction, when the dendrites grew from up to down ( 1 = 25 µ m). This phenomenon can be explained by the fact that during horizontal solidification a melt-flow develops under the influence of density-difference and it increases the movement velocity of solid/melt front and by this decreases the primary dendrite-arm space. In case of dendrites growing horizontally this effect is not effective partly owing to the thin samplecontainer. The micro-gravity behaviour of materials can be simulated by this method.
Materials that contain about 5-40 volume percent, and 5-100 µm sized ceramic particles (SiC, WC, Al 2 O 3 ) of homogenous distribution are called Particle Reinforced Metal Matrix Composites. The grain composites are made first of all for realising optimal property-combination (e.g. low density, high strength [9] ). The particle reinforced metal matrix composites are made most frequently by powder-metallurgy method. In this case the basic material and the reinforcing phase are mixed in the appropriate proportion and an agent making the pressing easier is added to the powder mix. The powder prepared such a way is pressed into the tool ensuring the appropriate shape and size. After pressing the pieces are heated and sintered in a protective atmosphere preventing oxidisation (H 2 , N 2 , Ar). The sintering temperature is usually the three-quarter of melting point of the metal. After the heating for an appropriate time a porous (Fig. 8) but a suitably solid material is obtained. [10] . 
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Materials Science, Testing and Informatics I peak characterising the darker phase also appears. The average grey levels value, the minimum and maximum level and the values of scatter are very characteristic values of the given grain. The grains having different compactness can quickly and objectively be characterised by this method. 
